Owing to persistent challenges of food and nutritional insecurity, recent literature has focused on the role diversity of farm production has on food consumption diversity, particularly for smallholder households. Yet, the relationship between farm production diversity and household food consumption diversity remains complex and empirical evidence is, so far, mixed. The present article assesses this relationship using two districts-Kilosa and Chamwino-with contrasting agro-ecological and market contexts in rural Tanzania. These districts represent the majority of farming systems found in Tanzania as well as in several countries within the region. We used household data and employed descriptive as well as multivariate regression analyses. The results indicated a positive role of farm production diversity for food consumption diversity in the district with relatively harsh climatic and agro-ecological characteristics and poor access to markets. Furthermore, increased farm production diversity was generally associated with seasonal food consumption diversity. However, results suggested a lesser role of farm production diversity in the presence of better agro-ecological and market access characteristics. These findings imply that promoting farm production diversity should consider the existing agro-ecological and market characteristics. In addition, achieving increased food consumption diversity among rural households may require effective market related infrastructure and institutions.
Introduction
For most developing countries, smallholder agriculture plays a pivotal role in enhancing rural livelihoods including households' food security [1, 2] . This is mainly achieved through production of own food and incomes from sales of agricultural produce [3] . Despite recent significant strides in agricultural production, challenges such as food insecurity, under-nutrition and volatile food prices have persistently affected most smallholders [4] [5] [6] . In the wake of these challenges, there has been increased support for diversification of smallholder production as a strategy to enhance rural households' food security through increased food sufficiency and diversity [3, [7] [8] [9] [10] [11] .
At the farm level, production diversity entails smallholders maintaining a variety of species for both plants and animals [12] . The logical argument put forth is that increased diversity of smallholder production (for both crops and livestock) will enhance access to a diverse portfolio of food for consumption at the household level, thereby improving the dietary diversity of smallholder households. Fundamentally, a considerable body of research notes that agricultural diversity is vital in enhancing overall sustainability of food and agricultural systems by promoting agricultural lands' stability, productivity and resilience to shocks [13] . However, the debate on the role of smallholder farm production diversity on household food consumption diversity is far from conclusive. While some recent studies find a positive influence in this relationship [3, 8, 14] , others have had mixed results [9, 11] . Essentially, besides smallholder farm production diversity, household food consumption diversity may be influenced by market access and opportunities for off-farm income, among other factors [3, 9] . Moreover, the implications of farm production diversity on food consumption of rural households may vary depending on, among other factors, agro-ecological characteristics which determine cropping systems pursued by smallholders [11, 15] .
Nevertheless, despite increased promotion of agricultural diversification for smallholders, empirical evidence on its role and implications in different smallholder contexts has lagged behind. In particular, evidence from diverse agro-ecological and market access settings is rare. We therefore use household data from diverse agro-ecological and market access contexts in rural Tanzania to answer three questions: (1) what is the nature and extent of farm production diversity among smallholders in the study regions? (2) What determines the observed farm production diversity? and (3) how does farm production diversity influence household food consumption diversity?
This article adds on previous literature in two ways. First, we use data from two distinct agro-ecological and market access contexts to analyze the farm production diversity-food consumption diversity relationship. This is important since this relationship may be masked by analyses that use national averages (such as Pellegrini and Tasciotti [8] ). The objective is then to get insights on the nature and role of farm production diversity on food consumption diversity from diverse contexts as smallholder agriculture is inherently heterogeneous. Secondly, we use data on seasonal food consumption to further assess the potential of farm production diversity in contributing to seasonal food consumption diversity. In principle, smallholder households' consumption is inherently seasonal [16, 17] , with food insecurity being more prevalent in planting and pre-harvest season. Potentially, farm production diversity may enhance access to a variety of crops in different seasons [18] , and hence improve food consumption diversity during different seasons.
The remainder of this article is organized as follows: The next section reviews related literature followed by section three which presents the study area, data and empirical strategy. Results are then presented in Section 4 and a discussion in Section 5. Section 6 gives a summary of main findings and draws emerging conclusions.
Literature Review

Farm Production Diversity in Smallholder Agriculture
Smallholder farming systems particularly in Sub-Saharan Africa are characterized by a considerable amount of diversity, owing to heterogeneous biophysical and socio-economic environments [19] . Consequently, smallholders are confronted with multiple constraints and opportunities in their environments, which ultimately shape the diversity of their strategies [19, 20] . As argued by Barrett [20] , diversification of assets, activities or incomes by farm households may be due to "push factors" such as land or liquidity constraints and high transaction costs or "pull factors" where new opportunities may provide higher returns and thus enable improvement of livelihoods. Farm production diversity constitutes part of smallholder diversification strategies. Fundamentally, farm production diversity, which falls within the broader concept of agro-biodiversity, entails not only maintaining a variety of species for both plants and domestic animals but also genetic diversity within each species [12] .
The level of farm diversity maintained by smallholders depends on households' socio-demographic characteristics (such as age, gender and education) and assets such as land and labor [21, 22] . Households' productive assets can be, in particular, important in enhancing the capacity of households to exploit the advantages of production diversity such as through crop-livestock integration. Equally important, agro-ecological characteristics, access to markets and available infrastructure are also instrumental in influencing the level of farm production diversity [22, 23] . Corral and Radchenko [24] , for example, note that in Nigeria, decisions by households regarding diversification are driven by factors in the local environmental such as constraints in infrastructure and weather shocks. Depending on existing agro-ecological characteristics, smallholders may be inclined to maintain a high diversity in their production due to presence of climatic and other agricultural risks. Similarly, smallholders may substantially rely on self-provision of food in less accessible villages due to high costs of accessing markets, thereby maintaining a higher diversity at the farm. Following on the "push factors" argument, farm production diversity can be used as a way of mitigating risks by smallholders, especially in presence of output market imperfections and harsh agro-ecological environments [8, 25] .
Linking Production Diversity to Consumption Diversity
The wider benefits of maintaining diversity of various species-both plants and animals-by smallholders are well argued in the literature. The contribution of this diversity includes enhancing resilience of food production, provision of important nutritional benefits and supporting the overall sustainability of food systems [12] . However, despite these unarguably important benefits, promotion of farm production diversity for improved nutrition has confronted several challenges. An example is the existence of agricultural and food security policies in many developing countries which promote a few cereal staples. This follows decades of implementation of Green Revolution policies, which focused primarily on cereal-based systems-involving mainly maize, rice and wheat-to enhance calorie availability [12] . In addition, Hunter and Fanzo [26] argue that there is a general lack of empirical evidence that links biodiversity and improved nutrition outcomes such as dietary diversity.
In recent empirical literature, several studies show a positive influence of farm production diversity on household food consumption diversity. For example, in a wide study involving eight developing countries, Pellegrini and Tasciotti [8] assessed the role of crop diversification and found a positive correlation between the number of crops cultivated and indicators of dietary diversity. Similarly, Oyarzun et al. [27] observed that on-farm species diversity is positively correlated with household-level dietary diversity in the Ecuadorian rural highlands. Also using a nationally representative sample of farming households in Malawi, Jones et al. [3] found that farm production diversity is positively associated with dietary diversity. However, these results may be context driven and thus promoting farm production diversity cannot be viewed as a blanket policy to enhance dietary diversity of most rural smallholders. In addition, this literature acknowledges that the relationship may be complex given influences of household characteristics, market orientation and the nature of farm diversity. In Tanzania, Herforth [18] offers first insights into the relationship between farm production diversity and food consumption diversity at the household. Using household data from northern Tanzania and central Kenya, the study found that crop diversity was positively associated with household dietary diversity. However, it does not offer insights on diverse contexts as it was based on areas with largely similar agro-ecological and market access characteristics. Also, farm diversity was limited to crop diversity (i.e., the number of crops grown by a household).
Conversely, mixed results have also been documented. KC et al. [11] observed in three agro-ecological regions of Nepal that crop diversity was more beneficial in enhancing food self-sufficiency for households in low agricultural potential areas and with poor market access compared to those in agro-ecological zones with higher agricultural potential and market access. Also, Sibhatu et al. [9] conducted a study using household-level data from Malawi, Kenya, Ethiopia and Indonesia. They observed that on-farm production diversity was not positively associated with dietary diversity in all cases and that this relationship depended on the level of production diversity and the nature of market access. In addition, the relationship between farm production diversity and food consumption diversity was insignificant, and even negative, at higher levels of diversification, implying foregone income from specialization. With this, specialization and market access could also be argued to play an even stronger role in enhancing food consumption diversity. However, context still matters. Radchenko and Corral [24] , for example, in a study looking at agricultural commercialization and food security in Malawi, found that higher agricultural incomes from cash cropping did not translate to higher food expenditures and better diets. The transmission from agricultural income to higher nutrition-related expenditures was rather weak. Other studies find no significant associations between farm diversity and dietary diversity. For instance, Ng'endo et al. [28] found no strong association between on-farm diversity and dietary diversity among smallholders in western Kenya. Instead, socioeconomic factors such as household wealth and education played a stronger role in influencing dietary diversity.
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Materials and Methods
Study Area and Data
Tanzania has diverse climatic and ecological zones which support different agricultural systems [29] . Given the focus of this article, we use data from Kilosa and Chamwino Districts within two Regions in Tanzania (Morogoro and Dodoma). These regions are situated in two distinct agro-ecological zones and, in general, represent about 70%-80% of the types of farming system found in Tanzania [30] . Table 1 provides a summary of main characteristics of the study areas in terms of agro-ecology, agricultural potential, access to major markets and cropping as well as livestock systems. The two study areas also differ with regards to food security. Morogoro fairs better but has areas with varying levels of food security while most areas in Dodoma are characterized by high food insecurity. 
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The two study areas also differ with regards to food security. Morogoro fairs better but has areas with varying levels of food security while most areas in Dodoma are characterized by high food insecurity. Sources: Environment statistics [29] , National sample census Morogoro [31] , National sample census Dodoma [32] .
Data Collection
To enable a comparative analysis, two focus districts were selected from each region namely Kilosa in Morogoro and Chamwino in Dodoma (see Figure 2) . In each district, three villages were chosen based on having relatively similar (1) village sizes (800-1500 households), (2) climatic conditions, (3) livestock integration and (4) rain-fed cropping systems. The selected villages were Ilolo, Ndebwe and Idifu for Chamwino district and Changarawe, Nyali and Ilakala for Kilosa district. Sources: Environment statistics [29] , National sample census Morogoro [31] , National sample census Dodoma [32] .
To enable a comparative analysis, two focus districts were selected from each region namely Kilosa in Morogoro and Chamwino in Dodoma (see Figure 2) . In each district, three villages were chosen based on having relatively similar (1) village sizes (800-1500 households), (2) climatic conditions, (3) livestock integration and (4) rain-fed cropping systems. The selected villages were Ilolo, Ndebwe and Idifu for Chamwino district and Changarawe, Nyali and Ilakala for Kilosa district. A primary household survey was then conducted in the six villages. Using household lists prepared by local agricultural extension officers in collaboration with village heads, 900 households were randomly selected, proportional to sub-village sizes. A total of 150 households were interviewed from each village. A detailed structured questionnaire was used to collect data at the household level. Apart from socio-demographic information, the questionnaire contained comprehensive sections on agriculture, livestock, off-farm employment, non-farm self-employment and food consumption and expenditure. It also captured seasonal aspects of food consumption at the household level.
Measures of Diversity
We use several variables to measure farm production diversity and household food consumption diversity. With respect to farm production diversity, we use two indicators. The first is based on species count for both crops and livestock, as recommended by Last et al. [34] and used in several recent studies (see, for example, Jones et al. [3] ; Pellegrini and Tasciotti [8] ; Sibhatu et al. [9] ). In this indicator, a household cultivating three crops (e.g., maize, sorghum and groundnuts) and keeping cattle only will have a crop-livestock count of 4. The second measure uses the number of food groups produced on the farm to generate production diversity scores. Based on our data, we use 9 food groups (cereals; roots, tubers and plantains; pulses, seeds and nuts; fruit; vegetables; fish; meat; eggs; and milk and dairy products). In this case, a household cultivating only maize, rice and sorghum will have a production diversity score of 1, because all crops belong to cereals. Conversely, if a household cultivates maize and groundnuts and keeps goats, the diversity score will be 3, as they fall under different food groups. This indicator addresses the fact that crops and livestock produced on a farm might have different nutritional functions and hence affect household food consumption diversity differently [35, 36] . In general, these indicators are suitable for comparison among farms and regions [34] and also allow for a comprehensive analysis of a typical smallholder farm production, which, in most cases, integrates crops and livestock. Alternative indicators in the literature include (1) the Simpson's Index, which measures species diversity and accounts for both, species richness and evenness and (2) the modified Margalef species richness index [34, 37] . However, the use of these indicators in the present analysis would limit the scope to crops only as both measures require land area in their computation. For household food consumption diversity, we also use two indicators. These are the Household Dietary Diversity Score (HDDS) and the Food Variety Score (FVS). Following Swindale and Bilinsky [38] , HDDS is constructed from the number of different food groups consumed by a household in a specified reference period, in our case a 7-day period. We use 9 food groups as those used in the indicator for production diversity above. We also extend the HDDS indicator to capture household dietary patterns during planting, pre-harvest and post-harvest seasons. For this, households were asked how many days in a normal week they would eat foods from a certain food group for each season in the past year. Overall, although the HDDS does not measure dietary quality, it is widely used as an indicator of household economic access to a variety of foods [39] . On the part of the FVS, this indicator records the number of different food items eaten during a specified reference period [40] . A 7-day recall period is also used based on the previous normal week.
Empirical Strategy
In assessing the relationship between farm production diversity and household food consumption diversity, we first examine determinants of farm production diversity and then analyze how this diversity is associated with household food consumption diversity outcomes.
Analyzing the Determinants of Farm Production Diversity
Observed farm production diversity may be influenced by different household, farm, institutional and locational characteristics. Farm production diversity is represented as a score for both diversity indicators i.e., crop-livestock count, and the number of food groups produced. We therefore use a Poisson regression model which is suitable for analyzing count variables. Following Green [41] , the model is specified as:
where y i represents the level of farm production diversity by household i, X i represents a vector of explanatory variables and β is a vector of parameters to be estimated. Drawing from literature on farm production diversity, the predicting variables include household, farm and locational characteristics. Household socio-demographic characteristics such as age and gender are important in influencing the skills, experiences, risk attitude, willingness and ability to maintain different levels of diversity in their production [22] . These may influence farm production diversity either positively or negatively. For example, while older household heads may be less able and eager to maintain higher diversity especially for new crop or livestock varieties as compared to younger ones, the accumulated skills and experience in farm production may influence farm production positively. Also, depending on the level of control of household productive assets such as land, labor and equipment, female headed households may maintain more or less diversity at the farm. Education, on the other hand, is expected to influence farm production diversity positively as it enhances skills and use of information for maintaining different varieties of crops and livestock [22] . Household productive assets such as land and labor are expected to have a positive influence on farm production diversity [22] . Locational factors are equally important. As distances to key services and markets increase, transaction costs increase thus compelling households to allocate land to more diverse production to cater for expected consumption [8, 22] .
Analyzing the Influence of Farm Production Diversity on Consumption Diversity
Food consumption diversity may be influenced by farm production diversity as well as a set of other factors. Specifically, household socio-economic characteristics (such as age, gender and education) and market related factors are important when analyzing diversity of food consumption at the household beyond farm production diversity. For example, gender of the household may determine the control of household resources and how they are allocated [3] . Household income in female-headed household may be spent more on quality diets than that of male-headed households. Household productive assets such as land, labor and livestock may also enhance household's production capacity and thus influencing food consumption diversity positively. Household wealth is expected to play a strong positive role in enhancing food consumption diversity because it increases the ability of households to afford diverse diets [3] . Households with higher consumption expenditure are therefore expected to have higher food consumption diversity. Equally important is the fact that food consumption diversity may also be influenced by market access [9] . Proximity to markets and purchasing power to access different food items are expected to raise household food consumption diversity. Proximity to markets enables market-oriented smallholders to take advantage of lucrative product markets thereby enhancing incomes which may be spent on accessing diverse diets [3] . In addition, income from non-farm self-employment and other sources is essential in raising household's purchasing power, thus expected to enhance food consumption diversity.
In assessing the link between food consumption diversity and farm production diversity, we also use a Poisson regression model following the basic specification in Equation (1) . In this, food consumption diversity is measured as a score based on HDDS and FVS. However, Poisson regressions assume equi-dispersion (that is, the conditional mean of the dependent variable is equal to its variance). In absence of equi-dispersion, the estimates from Poisson regression may be inefficient and biased [41] . A negative binomial regression model is appropriate in this case as it can be used in case of violation of the equi-dispersion assumption. This model is given by:
From its functional form, a negative binomial regression model relaxes the assumption of equi-dispersion and thus suitable in cases of over-dispersion. We therefore employ this regression model, when tests suggest that a Poisson regression model is inappropriate.
Furthermore, we test for potential collinearity among independent variables and also use robust standard errors to address problems of heteroscedasticity in the estimates. Given the cross-sectional nature of the data, our analysis is restricted to potential relationships between key explanatory factors and food consumption diversity. Thus, results should not be interpreted as causal but rather correlational. Table 2 presents the characteristics of the sample at the household and farm-level for Kilosa and Chamwino, as well as a pooled sample covering the two districts. In the two districts, farm level characteristics showed important differences. In particular, households in Chamwino district possessed more land and livestock and have more cultivated plots and crops grown, on average, as compared to those in Kilosa district. Levels of self-provision of food seemed to also be higher in Chamwino evidenced by higher share of home consumption from total output. Furthermore, greater distance to paved roads suggests poor access to markets and key services. This was not the case for Kilosa which has a better proximity to markets. Worker equivalents used to capture labor available at the household were calculated by weighting household members: less than 9 years = 0, 9-15 = 0.7, 16-49 = 1 and above 49 years = 0.7; All monetary variables have been converted from local currency Tanzanian Shilling (TZS) to 2010-based purchasing power parity United States Dollars (PPP $).
Results
Descriptive Results
Sample Characteristics
Comparison of Farm Production Diversity by Agro-Ecology and Market Access
Figure 3 provides a comparison of farm production diversity indicators based on agro-ecological and market access characteristics in Kilosa and Chamwino districts. It also presents the overall levels of farm production diversity using data pooled from the two districts. Overall, significant differences in farm production diversity can be observed between the two districts. Specifically, diversity based on crop-livestock count was significantly lower for Kilosa compared to that of Chamwino. Similarly, diversity based on the number of food groups produced showed the same pattern. In both districts, however, cereals constituted the main food group that is produced. In Kilosa, the second, third and fourth most important food groups produced were pulses, seeds and nuts. In Chamwino, on the other hand, the 'pulses, seeds and nuts' food group ranked second in terms of production after cereals.
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Comparison of Food Consumption Diversity in Kilosa and Chamwino Districts
Food consumption diversity was higher for households in Kilosa district, compared to those in Chamwino (see Figure 4) . This was despite the low farm production diversity observed in Kilosa. Notwithstanding the high farm production diversity in Chamwino, the household food consumption diversity was relatively low compared to Kilosa, consistently for both measures of food consumption diversity (HDDS and FVS) and for the planting, pre-harvest and post-harvest agricultural seasons. A deeper look into the data shows that among the food groups, cereals dominated in terms of consumption for both districts. Additionally, although Kilosa fared better in terms of food consumption diversity, vegetables, and pulses, seeds and nuts were important food groups that were consumed in both districts. However, meat, and milk and dairy products food groups were least consumed in the districts. 
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Food consumption diversity was higher for households in Kilosa district, compared to those in Chamwino (see Figure 4) . This was despite the low farm production diversity observed in Kilosa. Notwithstanding the high farm production diversity in Chamwino, the household food consumption diversity was relatively low compared to Kilosa, consistently for both measures of food consumption diversity (HDDS and FVS) and for the planting, pre-harvest and post-harvest agricultural seasons. A deeper look into the data shows that among the food groups, cereals dominated in terms of consumption for both districts. Additionally, although Kilosa fared better in terms of food consumption diversity, vegetables, and pulses, seeds and nuts were important food groups that were consumed in both districts. However, meat, and milk and dairy products food groups were least consumed in the districts. We also compared food consumption diversity based on low and high farm production diversity of households (Table 3) . To achieve a simplified comparison, the threshold for high and low diversity was determined by median values of the crop-livestock diversity indicator. Households with crop-livestock diversity above the median were classified as having high production diversity while those below the median were considered to have low production diversity. For Kilosa district, crop-livestock diversity ranges from 1 to 12 with the median value of 3. For the case of Chamwino district, the median crop-livestock diversity was 4 with diversity ranging from 1 to 14. Consistently, results showed that households with high production diversity had higher food consumption diversity based on HDDS and FVS in both districts, though this difference was not significant in a few cases. In Chamwino, the difference was far more significant thus suggesting a stronger role of farm production diversity. Despite the difference in food consumption diversity between the low and high production diversity households, cereals, vegetables, and pulses, seeds and nuts still dominate in both groups as the main food groups consumed. Wilcoxon-Mann-Whitney non-parametric two-sample test used to examine differences between low and high production diversity; ** and ***: Significant difference at 10%, 5% and 1%-levels respectively.
Determinants of Farm Production Diversity
In the analysis of factors determining the observed farm production diversity, we present results based on crop-livestock count and the number of food groups produced-our primary indicators of farm production diversity-as dependent variables. Despite a few differences, the results from the two indicators of diversity provided a similar picture. Here we interpret the Poisson regression results based on crop-livestock count for both regions and the pooled sample (Table 4) .
Results showed that farm production diversity is positively and significantly influenced by age of household head, availability of labor in the household and access to credit, for both Kilosa and Chamwino districts. For Kilosa, column (1), education of the household head and access to non-farm self-employment were also significantly and positively associated with increased farm production diversity. Interestingly, increased distance to nearest paved road had a significant positive influence on production diversity only for Kilosa with better market access suggesting an increased role of self-sufficiency for households far from market opportunities. However, for Kilosa and the pooled sample, agricultural shocks were negatively associated with farm production diversity. This could suggest that resource-constrained households may opt for a few highly resistant crops and livestock-or even venture into non-agricultural activities-after the experience of agricultural shock. In addition, the onset of an agricultural shock (such as drought, crop pests or unusually heavy rainfall) may have severe and negative impacts which may further reduce their agricultural production including its diversity. For Chamwino, the preparedness of a household to undertake risk, availability of land and other assets were significant in raising farm production diversity. Locational dummies also confirm the pattern observed in descriptive analysis, where residing in villages in Kilosa was negatively related to farm production diversity, unlike in Chamwino. 
The Role of Farm Production Diversity on Household Food Consumption Diversity
In the analysis of the role of farm production diversity on food consumption diversity of households, we used several regression models. As pointed out earlier, the aim was to assess this relationship based on the two regions with distinct agro-ecological and market access characteristics as well as to ascertain whether farm production diversity plays a role in influencing seasonal food consumption diversity. For farm production diversity, we used crop-livestock count and the number of food groups. To get insights on food consumption diversity and its seasonal nature, the dependent variables were HDDS and FVS; and HDDS (planting), HDDS (pre-harvest) and HDDS (post-harvest) respectively. All regression models were estimated with Poisson regression except for FVS which were estimated with negative binomial regressions. In the latter regressions, the test of the over-dispersion parameter indicated that alpha is significantly different from zero, suggesting inappropriateness of Poisson regression. Table 5 presents these results showing the determinants of food consumption diversity.
Taking the case of crop-livestock count, results showed that farm production diversity had an overall positive and significant influence on household food consumption diversity. Going beyond farm production diversity, results also showed that household food consumption diversity was also influenced by market access characteristics. Access to market information and income from non-farm self-employment was significantly associated with increased food consumption diversity. Similarly, per capita food expenditure per month was positively related to food consumption diversity indicating that sourcing of different varieties of food from markets seems to be a relevant factor. Distance to nearest paved road was negatively related to food consumption diversity suggesting that market access plays an important role. Specifically, residing far from markets lowers the level of food consumption diversity in the households. A largely similar pattern of influences was observed for results of regressions using the number of food groups produced as an indicator of farm production diversity (see Table 6 ).
While results for district-specific regressions (presented in Tables A1-A4) showed almost consistent positive effects of farm production diversity on household food consumption diversity for Chamwino district, the same effects were not observed for Kilosa, except for HDDS (planting). The magnitudes of effects are also consistently higher for the former than the latter. The results suggest that the role of farm production diversity is more pronounced in Chamwino, which has relatively poor market access and agricultural potential as compared to Kilosa district with better market access. Additionally, the crop-livestock indicator showed that farm production diversity had a positive effect on seasonal food consumption diversity. However, the role of market access was less pronounced for Chamwino district. Despite a significant influence of access to market information on food consumption diversity, distance to nearest paved road and access to income from non-farm self-employment (except for HDDS for post-harvest) were insignificant. However, there was still a significant positive association between per capita food expenditure per month and household food consumption diversity. Household asset holding (asset score) 0.000 ** 0.000 ** 0.000 ** 0.000 0.000 * (0.000) (0.000) (0.000) (0.000) (0.000) ***, ** and * indicate a significance level of 1%, 5%, and 10%, respectively; Values shown in parentheses are standard errors; Negative binomial model used for FVS regression: Likelihood-ratio test of alpha = 0; chibar2 (01) = 197.16; Prop > = chibar2 = 0.000. The estimated alpha coefficient for the Negative binomial model is significant suggesting absence of equi-dispersion which would favor the use of a Poisson model.
Discussion
The Nature and Drivers of Farm Production Diversity
Typical to smallholder farming systems, our results showed that households' farm production is rather diverse, constituting of a variety of crops and livestock species. Farm production diversity was substantially higher in Chamwino district which has a semi-arid agro-ecology with less agricultural potential and market access compared to Kilosa district. The agro-ecology of Chamwino district supports a 'pastoralist/agro-pastoralist' farming system [42] . This partly contributed to the observed higher levels of farm production diversity. In addition, unlike in Kilosa, the semi-arid nature of Chamwino implies that households may experience more frequent periods of food insecurity and other shocks such as drought. In areas with fragile agro-ecologies farm production diversity has been argued to be an important strategy. Thus, smallholders may diversify their agricultural production as a risk mitigation strategy from the negative effects of weather shocks and other agro-ecological conditions [5] .
Regarding determinants of farm production diversity within the two agro-ecological regions, results suggest that households' socio-economic characteristics and endowments in terms of land and labor play an important role. These results were also in line with the results of Benin et al. [21] and Di Falco et al. [22] . In addition to age and education, households' preparedness to undertake risk was correlated with increased farm production diversity especially in Chamwino district which has a relatively fragile agro-ecology. Farm production diversity was also significantly associated with access to land and labor, together with other agricultural assets. Interestingly, occurrence of agricultural shocks was associated with decreased diversity of farm production. As noted, this may be particularly the case for resource-constrained households. Porter [43] , for example, argued that when households lack access to assets or credit markets, shifting labor resources to other non-agricultural activities may be the only coping strategy at their disposal in the event of agricultural shocks. Similar to observations by Benin et al. [21] , our results also underscored the role of location, particularly with respect to agro-ecological conditions and proximity to markets. Fundamentally, ecological characteristics of different locations-such as soil, climate, water availability and altitude-are instrumental in enhancing or diminishing diversity in farms, villages and agro-ecological zones [13] . Also, in line with the findings of Sibhatu et al. [9] , market access equally played an important role in influencing farm production diversity. Households in villages which were least accessible to markets have higher farm production diversity, even within the same agro-ecological region signaling increased self-provisioning of food through increased diversity of farm production.
The Influence of Farm Production Diversity on Food Consumption Diversity
Farm production diversity has increasingly been considered important in improving food consumption especially for smallholder rural households [8, 9, 12, 13] . Results from our analysis showed that this role is largely dependent on agro-ecological characteristics and market considerations. While farm production diversity played a significant and positive role for household food consumption diversity in Chamwino district, this role was rather small in Kilosa district. This was observed for both indicators of food consumption diversity, that is, HDDs and FVS. The significant role of farm production diversity in Chamwino may be partly attributed to the challenging agro-ecological characteristics and low market access. In these contexts, households resort to subsistence production to cater for food consumption needs. KC et al. [11] also observed the same pattern in a study in Nepal, where the role of crop diversity on food self-sufficiency was stronger in agro-ecological regions which are less accessible and with low market access. Similarly, Di Falco and Chavas [37] found that the benefits of crop biodiversity were more pronounced in ecologically fragile agricultural systems. Kilosa, on the other hand, has relatively better agro-ecology and subsequently a higher agricultural potential. The region has, however, far less diversity of production with mainly maize-legume cropping system with little livestock integration. Cereals, vegetables, and pulses, seeds and nuts constitute the main groups of crops produced in the district.
The Role of Market Access in Food Consumption Diversity
Recent studies have also shown that food consumption diversity for smallholder households may be influenced by factors beyond farm production. In essence, most smallholders are neither strictly subsistence-oriented nor market-oriented [3] . As noted earlier, our analysis shows that household food consumption expenditure was positively associated with food consumption diversity. This partly suggests that households with higher food consumption expenditure spend on more diverse food items that are available in food markets. In Kilosa district where the contribution of farm production diversity was largely insignificant, access to markets, both for selling of agricultural produce and purchases of food, appeared to play a significant role in influencing household food consumption diversity. Descriptive analysis showed that, despite low farm production diversity, households in Kilosa had higher food consumption diversity compared to those in Chamwino. This may be associated with better agricultural potential and market access in Kilosa as compared to Chamwino. As noted by Sibhatu et al. [9] , increased market transactions tend to lower the role of farm production diversity on food consumption. They note that better access to markets enable households to not only purchase diverse foods but also use their comparative advantage to produce and sell food and cash crops and hence generate higher agricultural incomes.
Farm Production Diversity and Seasonal Food Consumption
As aforementioned, farm production diversification has received increased attention due to its potential for enhancing seasonal food consumption. As Herforth [18] argued, for example, different crops may grow in different agricultural seasons and consequently increased farm production diversity may be beneficial in cases of seasonal food insecurity. Results from our regression models showed that both farm production diversity indicators were positively associated with increased food consumption diversity in the planting, pre-harvest and post-harvest seasons. Specifically, results showed that in Chamwino, where the role of markets was low, and production was oriented towards food crops and livestock, farm production diversity had a significant positive role in seasonal food consumption diversity. However, with an exception for the planting season, this relationship was not significant for Kilosa which had lower farm production diversity. Nevertheless, the results from Chamwino and the pooled sample offer insights on the potential positive role of farm production diversity can play in enhancing food consumption diversity.
Limitations
Several potential limitations are worth highlighting. First, the link between farm production diversity and household food consumption diversity is a complex one. As Jones et al. [3] observes, this relationship is influenced by many factors. While we attempted to include the relevant aspects in line with the literature and the focus of the present article, these factors may not be entirely exhaustive. For example, cultural values may influence consumption of particular food items, but this may be difficult to capture in the analysis. Second, HDDS is an indicator that is based on household recall of food consumption in the previous 24 h or 7 days. Given the cost and time limitations for collecting data on seasonal food consumption in each agricultural season, we rely on recall also for seasonal food consumption diversity. Therefore, our modified HDDS for planting, pre-harvest and post-harvest relies on relatively long recall periods. Apart from this, however, the indicator provides a similar pattern of food security in our sample as other indicators used such as the normal HDDS and FVS. Despite these potential limitations, the analysis provides unique empirical insights on the smallholder households' production-consumption link using two distinct agro-ecological and market access contexts.
Conclusions
This article assessed how farm production diversity influences household food consumption diversity in two districts (Kilosa and Chamwino) with distinct agro-ecological and market access contexts in rural Tanzania. Specifically, (1) it examined the nature and extent of farm production diversity, and its determinants, and (2) it analyzed the role of farm production diversity on household food consumption diversity.
Findings reveal that smallholder households maintain a considerable diversity in their production, both for crops and livestock. However, significant differences exist between the two agro-ecological regions with regards to farm production diversity and food consumption diversity. While low farm production diversity was observed in Kilosa district, households in Chamwino districts had significantly higher farm production diversity in terms of crops and livestock. Regarding the role of farm production diversity in household food consumption diversity, our results underscore findings from earlier studies that this relationship is largely dependent on agro-ecological characteristics and market contexts, among other factors. Results showed that, while farm production diversity was significantly associated with increased food consumption diversity in Chamwino, the same relationship was not observed in Kilosa. This influence was also observed for seasonal food consumption diversity, particularly in Chamwino which suggests additional benefits for smallholder farm production diversification. These observations suggest a stronger role of farm production diversity on food consumption diversity in areas with challenging agro-ecological characteristics and low market accessibility, and a lesser role in presence of better agro-ecological and market access characteristics.
These findings imply that, strategies geared at promoting farm production diversity should consider the existing agro-ecological and market characteristics. In challenging agro-ecological settings and less accessible rural communities, farm production diversity can be more beneficial in enhancing food security and, most importantly, seasonal food consumption diversity. In addition, to achieve increased food consumption diversity in farm households, the focus of policy should not only be on increasing diversity of smallholder farm production but also aim at improvements in market related infrastructure and institutions. 
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